INTRODUCTION
============

An estimated 1.3 million Chinese (1 in 1000) develop new tuberculosis (TB) annually, which accounts for 1 of 7 new TB cases globally.^[@r01]^ TB epidemics in China are characterized by large numbers of infected people, symptomatic patients, deaths, rural patients, and patients with drug-resistant TB.^[@r02]^ The crowded living conditions in dormitories and the close proximity of students in classrooms facilitate transmission of TB in schools^[@r03]^; consequently, TB outbreaks frequently occur in Chinese schools.^[@r04]^ However, little is understood about the transmission dynamics and risk factors of TB in Chinese schools.

In March 2010, 2 cases of sputum smear-positive (SS+) pulmonary TB were identified in a high school (31 classes, 1574 students) in the eastern Chinese province of Zhejiang (2010 population: 54 426 891). We investigated this outbreak to determine the proper treatment of case-students, identify gaps in TB prevention and control, and offer recommendations for TB control strategies in Chinese schools.

METHODS
=======

Study design
------------

We retrospectively reviewed medical records and interviewed doctors and nurses at the school's health clinic. To collect information on disease onset and exposure history, we conducted in-person interviews of the case-students or telephoned their parents. We reviewed administrative records to evaluate measures taken by the county Center for Disease Control and Prevention (county CDC) to control this outbreak.

Tuberculin skin testing
-----------------------

The county CDC staff performed tuberculin skin testing (TST), using standard procedures. Briefly, a trained nurse injected intradermally 0.1 ml (2 IU) of purified protein derivative (PPD) produced from bacille Calmette-Guérin (Chendu Institute of Biological Products, Chendu, China) into the inner surface of the left forearm. An experienced physician measured the transverse induration (in mm) at the TST site 72 hours after injection.^[@r05],[@r06]^

Case definition
---------------

Latent TB infection (LTBI) was defined as a TST induration with a diameter of 15 mm or larger.^[@r02]^ Probable TB was defined as a chest radiograph indicative of TB plus a productive cough/hemoptysis lasting for at least 2 weeks or a TST induration with a diameter of 15 mm or larger. Confirmed TB was defined as 2 or more positive sputum smears or 1 positive sputum smear plus a chest radiograph indicative of TB.

Case finding
------------

A self-administered questionnaire was used to screen for suspicious symptoms (ie, productive cough or night sweats lasting for ≥2 weeks) among students and the family members of SS+ case-students. Those with a TST induration of 15 mm or larger or suspicious TB symptoms were screened by chest radiography.^[@r07]^ If the chest radiograph was inconclusive, a computed tomography (CT) scan of the suspicious lesions was obtained by an experienced physician.^[@r07]^ For those with abnormal results on chest radiography or CT, or those with symptoms indicative of TB, up to 3 unconcentrated sputum specimens (night, morning, and spot) were examined by microscopy.^[@r07]^

Statistical analysis
--------------------

Statistical analysis was performed using the SPSS statistical package (version 11.0). Categorical variables were analyzed using the χ^2^ test. A *P* value of 0.05 or less was considered to be statistically significant.

Ethical considerations
----------------------

This investigation was a response to a public health emergency and was exempted by the Institutional Review Board of the China Centers for Disease Control. To protect the confidentiality of the participant, all data were deidentified and kept confidential.

RESULTS
=======

Our investigation identified 4 SS+ case-students. The primary case-student developed symptoms (including productive cough, sore throat, lack of appetite, and weight loss) in mid-November 2008. He sought medical care multiple times over 3 months at various hospitals and clinics but was misdiagnosed and received antibiotic treatment. His symptoms worsened, leading to difficulty sleeping. On February 10, 2009, he went to a hospital and was diagnosed as having SS+ TB with widespread foci of infection in the lung and a cavitary lesion in the lung field. During the 3 months from symptom onset to confirmation of SS+ TB diagnosis, the primary case-student had continuously attended school. After the TB diagnosis, he was excluded from school and hospitalized.

The county CDC subsequently launched TST screening of the students (*n* = 46) and teachers (*n* = 17) who shared the classroom with the primary case-student and found that 61% (28/46) of students and 53% (9/17) of teachers had LTBI (TST induration ≥15 mm). Free prophylaxis with isoniazid was arranged for those students and teachers. One student with LTBI took 1 dose of isoniazid and then declined further treatment; the other 27 students and 9 teachers declined prophylactic treatment, fearing hepatotoxicity (Table [1](#tbl01){ref-type="table"}).

###### Post-exposure chemoprophylaxis of students and teachers with a TST induration ≥15 mm during a tuberculosis outbreak in a high school in Zhejiang Province, China (2009--2010)

  Prophylaxis                              2009 (*n* = 37^a^)   2010 (*n* = 126)           
  ---------------------------------------- -------------------- ------------------ ------- -----
  Completed recommended 6-month regimen    0                    ---                70      56
  Quit                                     1^b^                 2.7                6^c^    4.8
  No prophylaxis, due to adverse effects   0                    ---                5^d^    4.0
  Declined prophylaxis                     36^e^                97.3               45^e^   36

Abbreviation: TST, tuberculin skin testing.

^a^When tested again in April 2010, 11 had developed probable/confirmed tuberculosis and 12 still had latent tuberculosis infection.

^b^1 student took 1 dose and then quit, fearing hepatotoxicity.

^c^2 students quit due to abnormalities in liver enzymes and 4 teachers quit due to concerns regarding hepatotoxicity.

^d^4 students had abnormal liver enzymes and 1 had fever.

^e^Declined drug due to concerns regarding hepatotoxicity.

On March 24 and 30, 2010, 2 additional students in the same grade as the primary case-student were diagnosed with SS+ TB after exhibiting TB symptoms and seeking medical care. Although they were in the same grade as the primary case-student, their classrooms differed from that of the primary case-student, and neither reported any direct contact with the primary case-student. Subsequently, the county CDC conducted another round of TST among 476 students in this grade and 42 teachers who taught in this grade. A fourth SS+ case-student was identified among students who shared the classroom of the primary case-student. She was asymptomatic but had a positive TST, an abnormal chest radiograph, and was SS+ on 3 consecutive sputum specimens ([Figure](#fig01){ref-type="fig"}).

![Timeline of probable/confirmed tuberculosis (TB) cases and latent TB infections in a high school in Zhejiang Province, China (2009--2010). SS, sputum smear; TST, tuberculin skin testing.](je-23-307-g001){#fig01}

The county CDC ordered mandatory isolation and treatment for all probable and confirmed case-students identified during the second round of screening. Free prophylactic treatment was arranged for all students and teachers with LTBI. Still, only 56% (70/126) of those students and teachers completed the recommended 6-month regimen (Table [1](#tbl01){ref-type="table"}).

In total, we identified 164 cases (including 20 probable and 4 confirmed TB cases and an additional 140 LTBI cases) between February 2009 and April 2010. Of 24 persons with probable/confirmed TB, 4 were symptomatic (including lethargy, lack of appetite, productive cough, and fever). The LTBI rate was lower among students (26%) than among teachers (43%) (rate ratio \[RR\] = 0.60, 95% CI: 0.41--0.88); 4.8% of the students and none of the teachers developed probable/confirmed TB (Table [2](#tbl02){ref-type="table"}).

###### Latent TB infection and probable/confirmed TB among students (and their teachers) in the same grade as the index case in a high school in Zhejiang Province, China, 2009--2010

  Group      *N*   Latent TB Infection   Probable/Confirmed TB                                     
  ---------- ----- --------------------- ----------------------- ------------------- ------- ----- -------------
  Students   476   122                   26                      0.60 (0.41--0.88)   23^a^   4.8   ∞ (0.57--∞)
  Teachers   42    18                    43                                          0       0      

Abbreviations: RR, rate ratio; TB, tuberculosis.

^a^Excluding index case.

Among 476 students in the same grade as the primary case-student, sharing a classroom was significantly associated with higher risk of LTBI (RR = 2.5, 95% CI: 1.9--3.4) and probable/confirmed TB (RR = 17, 95% CI: 7.8--39). The rate of latent TB and probable/confirmed TB did not differ significantly by sex in the primary case-student's classroom, whereas in other classrooms, girls had a higher LTBI rate than boys (RR = 0.64, 95% CI: 0.45--0.92) (Table [3](#tbl03){ref-type="table"}).

###### Latent TB infection and probable/confirmed TB among students in the same grade as index case, by exposure (Zhejiang Province, China, 2009--2010)

  Exposure                                 Total No.   No. tested   Latent TB Infection   Probable/Confirmed TB                                  
  ---------------------------------------- ----------- ------------ --------------------- ----------------------- ------------------- ---- ----- ------------------
  Same classroom as index case             46          46           26                    57                      2.5 (1.9--3.4)^a^   15   33    17 (7.8--39)^a^
   Boys                                    22          22           13                    54                      0.92 (0.55--1.5)    10   42    1.8 (0.74--4.5)
   Girls                                   24          24           13                    59                      Ref                 5    23    Ref
  Different classroom from index case^b^   430         428          96                    22                      Ref                 8    1.9   Ref
   Boys                                    227         225          40                    18                      0.64 (0.45--0.92)   5    2.2   1.5 (0.36--6.2)
   Girls                                   203         203          56                    28                      Ref                 3    1.5   Ref
  Residential status                                                                                                                              
   Boarding                                235         233          63                    32                      1.1 (0.81--1.4)     11   4.7   0.95 (0.43--2.1)
   Commuting                               241         241          59                    29                      Ref                 12   4.9   Ref

Abbreviations: RR, rate ratio; TB, tuberculosis.

^a^Compared with students in different classroom from index case.

^b^Index case received TB diagnosis in February 2009.

Thirty-nine (79%) of the 46 students and 9 (53%) of the 17 teachers who were tested in February 2009 were tested again in April 2010. Of the 22 students who had LTBI in February 2009, 50% (11/22) developed probable/confirmed TB and 41% (9/22) still had LTBI in April 2010. Of the 5 teachers who had LTBI in February 2009, none developed into probable or confirmed cases, whereas 3 (60%) still had LTBI. Of the 17 students who were TST-negative in February 2009, 24% (4/17) had developed into probable/confirmed cases and 53% (9/17) had developed LTBI. Of the 4 teachers who were TST-negative in February 2009, none developed probable/confirmed TB and 1 (25%) developed LTBI (Table [4](#tbl04){ref-type="table"}).

###### Results of screening in February 2009 and April 2010 of students in the same classroom as index case (Zhejiang Province, China, 2009--2010)

  ---------------------------------------------------------------------------------------
  Screening result\             No.\       Screening result in April 2010            
  in February 2009              screened                                             
  ------------------- --------- ---------- -------------------------------- --- ---- ----
  TST-positive\       Student   22         11                               9   50   41
  (≥15 mm)                                                                           

  Teacher             5         0          3                                0   60   

                                                                                      

  TST-negative\       Student   17         4                                9   24   53
  (\<15 mm)                                                                          

  Teacher             4         0          1                                0   25   
  ---------------------------------------------------------------------------------------

Abbreviations: TST, tuberculin skin testing; TB, tuberculosis.

DISCUSSION
==========

During this outbreak, the primary case-student developed TB symptoms in November 2008. His SS+ pulmonary TB was not diagnosed for 3 months, during which he continued to attend school. Sharing a classroom with this case-student was associated with increased risk of LTBI and probable/confirmed TB. Subsequent SS+ case-students were identified quickly and were not associated with increased risk of infection. Hence, delayed diagnosis of TB in the primary case-student likely started this outbreak, and lack of post-exposure chemoprophylaxis likely contributed to TB spread.

TB transmission is airborne; outbreaks often occur among people living in crowded, closed spaces for extended periods of time (eg, school students). Risk factors for school TB outbreaks include constant contact with SS+ students, insufficient ventilation, and delayed diagnosis.^[@r08],[@r09]^ Early detection, timely isolation and treatment of patients, and post-exposure prophylaxis are the only effective prevention measures. This outbreak exposed failures in all 3 aspects of TB control. First, despite repeatedly seeking medical care and presenting with typical TB symptoms, it took approximately 3 months to diagnose TB in the primary case-student.

Second, the primary case-student stayed in school for 3 months without treatment, causing widespread transmission. According to the Regulation on Tuberculosis Prevention and Control in Schools by the Ministry of Health of China,^[@r10]^ a student diagnosed with TB must be excluded from school for mandatory treatment for at least 2 months and cannot resume school activities until 3 consecutive negative sputum smears (separated by an interval of at least 1 month) have been collected. In addition, lesions in the lung field must have healed for at least 2 months, as shown by chest radiography, and the student must have normal findings on at least 3 physician-certified follow-ups. Additionally, all close contacts must be screened and treated as necessary. This strict regulation places a heavy burden on students and their families, especially when students in high school are preparing for the all-important national college entrance examination. Consequently, many high schools choose to ignore TB symptoms in students. This might partially explain why the primary case-student remained in school while being symptomatic for 3 months. Published evidence, however, suggests that patients with SS+ TB usually need only 2 to 3 weeks of isolation and that those with SS− TB require only 4 to 7 days if they receive the correct drugs.^[@r11]^ Therefore, the strict regulations in China are unwarranted at best and counterproductive at worst. Third, although taking isoniazid once daily for 6 months was associated with minimal hepatotoxicity,^[@r12]^ almost all the students and teachers who were TST-positive after the first round of screening, and nearly 30% of students and over 40% of teachers who were TST-positive after the second round of screening, refused prophylactic treatment, fearing hepatotoxicity. This false public perception might have been due to misleading reports in Chinese journals, which described post-prophylaxis hepatotoxicity without qualifying patient age or prior liver conditions.^[@r13]^

In a prospective study in Angola, 31.8% of LTBI cases progressed to active TB, and 9.4% of uninfected children had developed active TB at 6 months of follow-up.^[@r14]^ In our investigation, among students who shared a classroom with the primary case-student, were TST-positive in February 2009, and did not receive prophylactic treatment, half developed probable or confirmed TB by April 2010. Moreover, among TST-negative students in February 2009, nearly a quarter had developed probable or confirmed TB in April 2010. These results suggest that, after a long period of exposure (in this case \>3 months) to SS+ patients in a crowded setting (in this case a classroom), the risk of developing TB (based on our definition) is high.

This investigation had several limitations. First, after TB was diagnosed in the primary case-student in February 2009, the county CDC only conducted TST among students and teachers sharing a classroom with the primary case-student; moreover, after 3 additional SS+ case-students were later identified, the county CDC still only conducted TST among students of the same grade as the primary case-students. Because TB is transmitted through the air, other, unidentified cases may have been present in this school, and those cases might have been undercounted. Second, sputum cultures were not collected; hence drug resistance analysis could not be done. Third, without isolates of *Mycobacterium tuberculosis* we were unable to confirm by genotyping that all TB patients in this outbreak were infected with the same strain.

To ensure early identification of TB, we recommend that healthcare providers in China routinely obtain a sputum smear and chest radiograph from all patients presenting with a cough of 2 or more weeks' duration. Public health authorities in China should re-evaluate and revise, if necessary, the strict regulations on compulsory exclusion from school for 2 months or longer for students diagnosed with TB. In addition, public health and clinical professionals should provide post-exposure counseling to dispel myths regarding the hepatotoxicity of prophylactic drugs. Finally, to improve compliance with prophylactic treatment the recently announced shorter combination regimen should be investigated for its effectiveness, safety, and compliance in China.^[@r15]^
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